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Descriptor Tag value NIT BAT SDT EIT TOT PMT SIT 
1 

name_ 0x40 
list 0x4 

0x42 
a _ 0x43 

for fmu re use 0x45 
for future use 0x46 
name_ 0x47 

0x48 
_availabi _ 0x49 

Jeferenoe 0x48 
shifted_service 0x40 
evenL 

evenL 0x4E 
shifted 0x4F 

0x50 
0x51 

idenTi?eL 0x52 
identi?er_ 0x53 

0x54 
rental 0x55 

0x56 
0x57 

. l- R I I‘ ‘ i i i Q Q i- ' Q‘ i I 

_ 0X5A 

_network_name_ 
name 0x50 

service name 0x50 

data; 9 0x51'-' 
_move 0x60 

buffer_ 
0x62 
0x63 

note 0x65 
id 01166 

Reserved for use to 
de?ned 0x80 in OxFE 

Forbidden OxFF 
N0 : iound in ransporl Streams. 
NOTE 2: Reserved for DAVICJDVB use: DAVIC shall de?ne its use. 
* Possible Eoca?on. 

Fig. 3 
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Figure 4: vendor speci?c data 

Syntax 
vend0r_speci?c_data(){ 

length 
if( length != 0) 
{ 

for ( int I=0; I<N; I++) 
vendor_id 
vendor_model_c0de 
vendor_specific_data_length 
vend0r_speci?c_data_bl0ck 

Fig. 4 

US 7,382,964 B2 

No. of bits Mnemonic 

32 uimsbf 

32 uimsbf 
32 uimsbf 
32 uimsbf 
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N0. of bits Mnemonic 

Mctadatao { 
descriptor_length 1 6 uimsbf 
for (i = O;i < N; i++) { 

descriptorO 
} 

Fig. 5 
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trausp0rt_error_indicator 
payload_unit_start_indicat0r 
transport _priority 
PID 
transp0rt_sramhling_contr0l 
adapti0n_?eld_control 
continuity_counter 

US 7,382,964 B2 

N0. of bits 

pid_descript0r() { 

} 

descript0r_tag 

Fig. 6 

descriptor_length 
reserved 
metadata__pid 

descriptor_tag value: Any value from 01:80 to OxFE 

Fig. 7 

Fig. 8 

8 

N0. of bits 

Mnemonic 

bslbf 
bslbf 
bslbf 
bslbf 
uimsbf 
bslbf 
bslbf 
uimsbf 

bslbf 

Mnemonic 

uimsbf 
uimsbf 
bslbf 
uimsbf 
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Syntax N0. of bits Mnemouic 
hash_table_descript0r 0 { 

descript0r_tag 8 uimsbf 
descript0r__lengtl1 8 uimsbf 
hash_value 32 uimsbf 

} 
descriptor__tag value: Any value from 0x80 to 0xFE 

Fig. 9 
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DIGITAL VIDEO RECORDER AND 
METHODS FOR DIGITAL RECORDING 

FIELD OF THE INVENTION 

The present invention relates to the ?eld of digital audio 
and/ or video recording, and more particularly to recording of 
metadata by means of a digital video recorder (DVR). 

BACKGROUND OF THE INVENTION 

It is as such knoWn from the prior art to include metadata 
in a transport stream. The term “metadata” is used for all 
kinds of data about data. This encompasses data Which is 
descriptive about content, such as program title and synop 
sis. Further the term metadata does also encompass data 
Which relates to the data transmission and/or recording 
process itself. 

For example, the TV-Anytime forum has published meta 
data speci?cations Which de?ne the attractors and data 
structures that alloW consumers to ?nd, navigate and man 
age content. The “TV-Anytime” standard is an emerging 
standard Which is de?ned by the TV-Anytime forum. 

Such metadata is also referred to as “attractors” because 
it can attract a consumer to content. Attractors alloW con 

sumers to ?nd, navigate and manage content from various 
sources. In addition to attractors metadata as de?ned by 
TV-Anytime also includes information about user prefer 
ences and history. User preference information, such as 
favorite actors or TV-shoWs, is included Within the scope of 
TV-Anytime metadata to alloW softWare agents to select 
content on the consumers behalf. 

The metadata representation format is a speci?cation of 
hoW TV-Anytime metadata is represented in the extended 
mark up language (XML). HoWever the TV-Anytime meta 
data is not restricted to XML can also be encoded in a binary 
format for transmission or storage. Details of the metadata 
speci?cation are published in the document SP003V10 of 16 
Feb. 2001 Which is available on the Web-site WWW.tv 
anytime.org. So far no transport mechanism is disclosed for 
the metadata Within the scope of the TV-Anytime speci? 
cation; also the manner in Which the metadata is stored, 
accessed and used on a personal digital recorder (PDR) is 
unknown. 

Further it is as such knoWn from the prior art to include 
metadata in a MPEG-2 transport stream. Such transport 
streams are used for digital video broadcasting. In this 
instance the metadata is included in the transport stream in 
the form of digital video broadcast-service information 
(DVB-SI). The DVB-SI format is described in EN 300 468, 
DVB Speci?cation for Service Information (SI) in DVB 
systems. 

For the recording of a DVB program by means of a digital 
video recorder (DVR) a so-called DVR-standard is currently 
under development. HoWever, a problem associated With the 
recording of a DVB signal by means of a DVR is that not all 
program related information (DVB-SI) is stored on the 
storage medium, eg an optical disc. The loss of this 
descriptive data has serious disadvantages for the DVR 
operation. Furthermore, the user cannot include user pro 
vided data such as annotations or other user provided 
content into the recording. Finally, the DVR format does not 
provide for a means to store such information outside the 
stream for making metadata available for navigation pur 
poses. 

SUMMARY OF THE INVENTION 

The present invention provides for an improved method 
for recording of program data comprised in a transport 
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2 
stream, such as MPEG-2, by means of a digital audio and/or 
video recorder (DVR). Further the invention provides for an 
improved computer program digital audio and/or video 
recorder for recording of program data comprised in such a 
transport stream. 
The invention enables to include metadata provided by 

the transport stream into the navigation data of the digital 
recording. This alloWs a user to take full advantage of the 
metadata provided by the broadcasters and/or to include 
additional metadata, such as user provider annotations and/ 
or data from other sources like the Internet, digital audio 
broadcast data (DAB) or teletext. 

It is a further advantage of the present invention that the 
metadata information Which is stored as part of the naviga 
tion data of the digital recording enables a user to use that 
information for retrieval of recordings and to readily access 
metadata information. 

In accordance With a further preferred embodiment of the 
invention the metadata is also stored as part of the DVR 
MPEG-2 transport stream ?le (MPEG TS). This is done by 
ingesting of additional data packets into the MPEG TS 
transport stream. 
The additional data packets carry the metadata informa 

tion. In case the metadata Which is stored as part of the 
navigation data is erased by a user operation or otherWise 
this metadata can be reconstructed from the additional data 
packets Which are stored as part of the transport stream 
MPEG TS. 

In accordance With a further preferred embodiment of the 
invention additional data packets are ingested in the MPEG 
TS transport stream in isochronous intervals. These meta 
data packets contain hash tables Which are calculated during 
the recording. 
A hash table is a checksum or a CRC (Cyclic Redundancy 

Check) and provides consistency checks after recording. 
The check is done by recalculating the hash table metadata 
during playback and comparing it to the hash tables com 
prised in the additional data packets of the transport stream. 

In accordance With a further preferred embodiment of the 
invention additional metadata packets are provided for trick 
modes. Metadata packets embedded Within the MPEG TS 
transport stream are carrying pointers to adjacent entry 
points for I-frames. For example the trick mode metadata 
packets encompass a list of past and/ or future I-frames. This 
simpli?es handling of the trick mode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the folloWing preferred embodiment of the invention 
Will be explained in greater detail by making reference to the 
draWings in Which: 

FIG. 1 is a block diagram of an embodiment of a digital 
video recorder in accordance With the invention, 

FIG. 2 is a second embodiment of a digital video recorder 
Which enables to add metadata to previous recordings, 

FIG. 3 is a table of possible locations of descriptors, 

FIG. 4 is illustrative of the vendor speci?c data syntax, 
FIG. 5 is illustrative of a metadata packet syntax, 

FIG. 6 is illustrative of a transport packet syntax, 
FIG. 7 is illustrative of a packet identi?er descriptor 

syntax, 
FIG. 8 is illustrative of the format of isochronous meta 

data packets in a DVR MPEG TS stream, 

FIG. 9 is illustrative of a hash table descriptor syntax. 
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DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

FIG. 1 shows a block diagram of a digital video recorder. 
The digital video recorder has demultiplexer 2 for receiving 
a transport stream, such as a MPEG-2 transport stream 1. 

The demultiplexer 2 is coupled to DVR encoder 8. Further 
the demultiplexer 2 is coupled to analyser 4. The demulit 
plexer 2 serves to de-multiplex the transport stream 1 in 
order to provide the required program data to the DVR 
encoder 8 and to provide DVB-SI data 3 Which is embedded 
in the transport stream 1 to the analyser 4. 

The analyser 4 serves to decode the DVB-SI data 3 in 
order to provide metadata 5 to navigation data and packet 
embedder 6. 

In addition or alternatively other metadata 12 is provided 
to the navigation data and packet embedder 6 from data 
source 13. Data source 13 can be an entry device for user 
provided metadata such as annotations. Alternatively data 
source 13 provides for an interface to teletext metadata 
and/ or metadata received via digital audio broadcast (DAB) 
or the Internet. 

The navigation data and packet embedder 6 provides for 
metadata in the form of vendor speci?c data 7 and for data 
transport packets 14 to be ingested into the recorded stream. 

The vendor speci?c data 7 and the data transport packets 
14 are in putted into the DVR encoder 8. Based on the 
program data Which the DVR encoder receives from the 
demultiplexer 2 and based on the vendor speci?c data 7 and 
the data transport packets 14 the DVR encoder generates a 
data stream 9 and navigation data 10. 

The data stream 9 comprises the additional data transport 
packets 14 provided by the navigation data and packet 
embedder 6 Whereas the navigation data 10 comprises the 
vendor speci?c data 7 from the navigation data and packet 
embedder 6. The data stream 9 and the navigation data 10 
are recorded on DVR disc 11. 

In operation a transport stream 1 is received by means of 
a satellite or cable transmission or via another communica 
tion channel. The transport stream 1 comprises a number of 
video and/or audio programs as Well as associated DVB-SI 
data 3. 

The user selects one or more of the programs contained in 
the transport stream 1 for recording. The corresponding 
program data packets are provided from the demultiplexer 2 
to the DVR encoder 8. 

The DVB-SI data 3 Which is associated With the user 
selected programs is also demultiplexed and provided to the 
analyser 4 for decoding. The analyser 4 outputs the decoded 
metadata 5. 

The navigation data and packet embedder 6 transforms 
this metadata into vendor speci?c data 7 and into data 
transport packets and provides these tWo formats of trans 
formed metadata to the DVR encoder 8. 

This Way the DVR encoder 8 integrates the vendor 
speci?c data 7 into the navigation data and it ingests the 
additional data transport packets 14 into the data stream 9 for 
recording. As a result the recording on the DVR disc 11 
contains the metadata both in the form of additional data 
transport packets 14 as Well as in the form of navigation data 
10. 
The navigation data 10 is primarily used for navigation 

purposes, such as retrieval of a speci?c user desired pro 
gram. As metadata is included in the navigation data 10 the 
user is enabled to de?ne a search pro?le Which encompasses 
information stored in the metadata. This has the further 
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4 
advantage that the navigation data 10 can be accessed 
quickly such that a search is performed very rapidly. 

In case the metadata comprised in the navigation data 10 
is erased for some reason it can be reconstructed by means 
of the additional data transport packets 14 Which have been 
ingested into the data stream 9. 

FIG. 2 shoWs a block diagram of another embodiment of 
a digital video recorder in accordance With the invention. 
Elements of FIG. 2 Which correspond to elements of the 
embodiment of FIG. 1 are designated by the same reference 
numerals. 
The DVR of FIG. 2 has a DVR decoder 15 Which receives 

a data stream 9 from DVR disc 11 as Well as navigation data 
10. The DVR disc 11 may contain metadata as described 
above With reference to FIG. 1. It may also not contain such 
metadata, especially if the recording has been done previ 
ously by means of a prior art DVR. 
The DVR decoder 15 outputs a MPEG-2 transport stream 

16 Which is inputted into demultiplexer 17. The demulti 
plexer 17 demultiplexes DVB-SI data 18 Which is contained 
in the transport stream 16. The DVB-SI data 18 is inputted 
into analyser 19. 
The analyser 19 decodes the DVB-SI data 18 and pro 

vides corresponding metadata 20 to navigation data embed 
der 21 in addition or alternatively metadata is provided from 
data source 13 as it is the case in the embodiment of FIG. 1. 

The navigation data embedder 21 transforms the metadata 
12 and/or metadata 20 into vendor speci?c data 22. The 
vendor speci?c data 22 is provided to the DVR encoder 23 
Which generates modi?ed navigation data 24 comprising the 
metadata 12 and/or 20 in the form vendor speci?c data 22. 
The modi?ed navigation data 24 is Written onto the DVR 
disc 11. 

This Way a user is enabled to add navigation data in the 
form of metadata to a previous recording. This feature is 
especially advantageous for recordings Which have been 
made previously on a prior art DVR. In such recordings the 
DVB-SI data 18 may have been recorded as part of the 
transport stream. HoWever such recorded DVB-SI data is not 
accessible by a user of a prior art DVR and cannot be used 
for navigation purposes. By means of the embodiment of 
FIG. 2 a user is enabled to transform such DVB-SI data into 
usable navigation data and/or to add additional metadata. 

This Way data packets are embedded into the DVR vendor 
speci?c data ?eld and into the DVR MPEG-2 transport 
stream (MPEG TS). Both types of embedded packets can be 
used separately or in combination. For example vendor 
speci?c data packets can be used to locate the additional 
metadata packets in the MPEG TS transport stream and the 
packets in the MPEG-2 transport stream can be used to 
generate the vendor speci?c data metadata packets. 

FIG. 3 shoWs a table listing valid descriptors for DVB-SI 
metadata packets. In accordance With the invention metadata 
is transformed into the vendor speci?c data format of FIG. 
4, Which is a container format for these metadata. 

In accordance With the preferred embodiment of FIG. 5 
this is done by transforming the metadata from the data 
structure of FIG. 5 to the data structure of FIG. 4. In the data 
structure of FIG. 5 descriptorl3 length designates the total 
length of the metadata descriptors Which is folloWed by a list 
of the descriptors (cf. FIG. 3) 
Vendor speci?c data are de?ned for the volume (info ?le), 

each playlist and for the ?les storing the attributes of A/V 
stream ?le. 

A form of metadata packets Which is in compliance With 
the syntax and semantic of a transport packet is illustrated in 
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FIG. 6 and is de?ned in ISO/IEC 13818-1 MPEG-2 Sys 
tems4Generic Coding of Moving Pictures and Associated 
Audio Information. 

The packet identi?er (PID) of FIG. 5 can have any value 
in the range of OXOOOlO-OXlFFE. The PID values chosen for 
the metadata packets needs to be adapted depending on the 
PlD’s already used for audio, video etc. in the MPEG-2 
transport stream. Another idea of this invention is to specify 
the PID of metadata packets by means of a pid_descriptor, 
Which is sorted (see FIG. 7) in the vendor speci?c data ?eld. 

Examples for metadata are DVB-Sl information, Which 
has been almost disregarded by the DVR speci?cation (like 
program genre). Also information retrieved from other 
sources such as teletext, DAB and intemet content carry 
metadata, Which can be embedded Within the MPEG TS. 

If at the beginning of the recording no payload is exis 
tentithis is a further embodimentiplaceholder packets are 
Written to the MPEG TS stream. Later theses placeholders 
can be replaced With valid metadata. 

Another use of the technique is to store metadata packets 
in isochronous intervals in the MPEG TS stream (FIG. 8). If 
no payload is available placeholder packets shall be stored. 
These metadata packets contain hash tables calculated dur 
ing the recording. A hash table is a check sum or CRC and 
provides consistency checks after recording. The check is 
done by recalculation the hash table metadata during play 
back and comparing it to those located in the stream. 

For this purpose additional metadata packets 25 are 
ingested into the transport stream 26 at time intervals At. 
By the usage of the hash table metadata packet it is 

possible to retrieve and also to generate a consistent take 
even When a poWer drop occurred during the record in the 
DVR. A poWer drop Will generate inconsistent DVR ?les. 

Also by the usage of the hash table metadata packet it is 
possible to detect edit operations having been done by a 
prior art DVR recorder. For those edited streams a metadata 
update may be necessary. 
By calculating a hash table value for all meaningful DVR 

?les (like the playlist ?le) edit operations can easily be 
detected. Even edit operations that have been done With 
other DVRs can be identi?ed. FIG. 9 shoWs the appropriate 
hash_table_descriptor, Which is stored in vendor speci?c 
data. 

It is a further advantage of the invention to provide 
metadata packets for trick modes. Metadata packets embed 
ded Within the bit stream (MPEG TS) are carrying pointers 
to adjacent entry points for l-frames. The trick mode meta 
data packets can encompass a list of N l-frames in the past 
and/ or in the future, Which Will simplify the handling of trick 
mode. 

It is to be noted that the present invention enables the 
additional storage of metadata content in parallel to the 
broadcast information Which makes all the metadata acces 
sible independent from their de?nition in the DVR standard. 
Further the invention provides for editing capabilities for 
user-de?ned collections, annotations and short cuts. 
By embedding hash tables in the MPEG TS stream the 

error handling and recovery capabilities of a digital video 
recorder are improved. Further the invention enables to store 
adjacent l-picture positions Which permits easier trick mode 
handling. 

LIST OF REFERENCE NUMERALS 

transport stream 1 
demultiplexer 2 
DVB-Sl data 3 
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analyser 4 
metadata 5 
navigation data and packet embedder 6 
vendor speci?c data 7 
DVR encoder 8 
data stream 9 
navigation data 10 
DVR disc 11 
metadata 12 
data source 13 

data transport packet 14 
DVR decoder 15 
transport stream 16 
demultiplexer 17 
DVB-Sl data 18 
analyser 19 
metadata 20 
navigation data embedder 21 
vendor speci?c data 22 
DVR encoder 23 
navigation data 24 
metadata packets 25 
transport stream 26 

What is claimed is: 
1. A method for recording of program data comprised in 

a transport stream, the transport stream having multiple 
audio/video programs and embedded metadata relating to 
the audio/video programs, the method comprising the steps 
of; 

de-multiplexing the transport stream to provide program 
data and the embedded metadata relating to the pro 
gram data, 

decoding the embedded metadata to obtain decoded meta 
data, 

transforming the decoded met data into a container for 
mat, 

integrating the decoded metadata transformed into the 
container format into navigation data, 

storing the program data as a packet-based data stream on 
a storage medium, 

calculating hash tables during the recording, 
packing the calculated hash tables into data packets, and 
storing the data packets that contain hash tables Within the 

data stream, 
Wherein the hash tables are suitable for enabling a con 

sistency check after recording by recalculating hash 
tables during playback and comparing the recalculated 
hash tables to the recorded hash tables, and 

storing the navigation data on the storage medium. 
2. The method of claim 1, further comprising the steps of 

transforming the decoded metadata also into data transport 
packets, and generating said packet-based data stream from 
the program data and the data transport packets in a digital 
recording format. 

3. The method of claim 1, further comprising the step of 
providing additional metadata, Wherein the additional meta 
data are also transformed into said container format and/or 
said transport packets. 

4. The method of claim 3, Wherein the additional metadata 
is provided as user de?ned metadata and/or teletext data 
and/or digital audio broadcast data and/or lntemet data. 

5. The method of claim 1, Wherein the data packets that 
contain hash tables are stored Within the data stream in 
isochronous intervals. 

6. The method of claim 1, Wherein said metadata comprise 
metadata for a trick mode. 
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7. The method of claim 1, wherein the embedded meta 
data are descriptive metadata describing program content. 

8. The method of claim 1, Wherein the embedded meta 
data is digital video broadcast-service information according 
to the Digital Video Broadcast standard. 

9. The method of claim 1, Wherein the packet-based data 
stream has MPEG compliant format. 

10. A digital audio and/or video recorder for recording 
program data comprised in a transport stream, the transport 
stream having multiple audio and/or video programs and 
embedded metadata relating to the audio and/ or video pro 
grams, the recorder comprising: 
means for de-multiplexing the transport stream to provide 

program data and the embedded metadata relating to 
the program data, 

means for decoding the embedded metadata to obtain 
decoded metadata, 

means for transforming the decoded metadata into a 
container format, 

means for integrating the decoded metadata transformed 
into the container format into navigation data, 

means for storm the program data as a packet-based data 
stream on a storage medium, 

means for calculating hash tables during the recording, 
means for packing the calculated hash tables into data 

packets, and 

10 
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25 

8 
means for storing the data packets that contain hash tables 

Within the data stream, Wherein the hash tables are 
suitable for enabling a consistency check after record 
ing by recalculating hash tables during playback and 
comparing the recalculated hash tables to the recorded 
hash tables, and 

means for storing the navigation data on the storage 
medium. 

11. Digital audio and/or video recorder according to claim 
10, further comprising 
means for transforming the decoded metadata also into 

data transport packets, and 
means for generating said packet-based data stream from 

the program data and the data transport packets in a 
digital recording format. 

12. Digital audio and/ or video recorder according to claim 
10, Wherein the data packets that contain hash tables are 
stored Within the data stream in isochronous intervals. 

13. Digital audio and/ or video recorder according to claim 
10, Wherein the embedded metadata are descriptive meta 
data describing program content. 


